A large part of the modern web is characterized by usergenerated content categorized using collaborative tagging or folksonomy. It becomes difficult to search for relevant content because of ambiguity in lexical representation of concepts and variances in preferences of users. With more and more services relying on tags for content categorization, it is important that search techniques evolve to better suit the scenario. A promising approach towards solving these problems is to use machine common sense in conjunction with folksonomy. A past attempt to use this approach has shown positive results
Introduction
The social web is a collection of services providing usercreated content. These are, among others, photo-sharing systems, blogs, wikis and image and map annotation systems. This collection of services providing user-created content is informally termed as Web2.0. Searching through a Web2.0 service is extremely difficult because of the inherent nature of the content, the huge amounts of information present and a lack of central organization of this information. Content in a Web2.0 service is usually categorized using collaborative tagging (also called folksonomy) which is a user-created organization [9] based on tags. Tags are descriptive keywords attached to items for the purpose of organization. Problems arise in using folksonomy because of differences in possible lexical representations of content descriptions. For example, a picture of the interior of a car may be tagged as "car", "automobile", "steering" or even "leather". This is an inherent ambiguity in using words to describe concepts. Several strategies have been used to address this ambiguity in folksonomy [3, 11] . Nauman and Hussain [10] have developed a novel solution to this problem by employing machine common sense to folksonomy. While the basic approach of using machine common sense to search through folksonomy has shown positive results, it also tends to return some irrelevant content.
In this paper, we propose a method for using personalized web search [7] approach of traditional web search systems to address the issue of noise in search results of common sense and folksonomy based intelligent search systems.
Problem Overview
Web2.0 services depend primarily on folksonomy for organization and search due to the huge amount and everchanging nature of the content [1] . Folksonomy based organizations however lead to problems related to lexical representation of concepts. These include polysemy (same word, different concepts), synonymy (different words, same concept) and variances in basic levels of categorization [1] . Almost all solutions aimed at addressing these problems are based on lexical analysis of the terms involved instead of contextual and have not been very successful [6] .
Any search technique targeting folksonomy based Web2.0 services has to address all these issues. Several traditional web search techniques have used meta search [2, 4] and/or categorization of content into hierarchies [5] for better targeting of results. Systems based on folksonomy cannot directly benefit from these techniques because it is a non-hierarchical and non-exclusive ontology [13] .
Nauman and Hussain [10] have proposed a solution to these problems which uses conceptual analysis of terms to address the issues related to differences in lexical representation of terms. It relies on machine common sense to analyze terms and suggest content tagged with related terms. The initial results of the approach seem promising for the purpose of finding content tagged with synonymous terms and related concepts. It does however lead to noise in search results which becomes very significant when searching for content tagged with popular terms. This is mainly due to the problem of polysemy and is the focus of this contribution.
Related Work

Applying Common Sense to Folksonomy
Nauman and Hussain [10] describe the lack of contextual information and inference capabilities as the two major problems for search in folksonomy based systems. They propose that machine common sense be used to address both of these problems. The main strength of this technique is that it is based on contextual, not lexical, analysis of terms. The approach is based on query keyword expansion using a common sense knowledge base -the Open Mind Common Sense Project [12] -and a freely available common sense toolkit -ConceptNet [8] .
The user enters a keyword and selects options for concept expansion and generality of the search results.
Search is performed for each expanded concept. Each result item may appear as a result item for more than one concepts (along with the associated search engine score S) and for each instance of this appearance, an instance score is calculated using a score function. The total score of a result item is the sum of all instance scores:
Problems in CS&F Based Search
The basic common sense and folksonomy based approach described above has shown positive results in finding content tagged with related keywords. It successfully addresses the issues of synonymy and variances in basic levels of categorization. When it comes to the problems related to polysemy, however, the basic technique falls short. The following two aspects of this technique are identified as the culprits:
• The basic CS&F based search technique uses only conceptual similarity for concept expansion. The problem is that of polysemy. Different concepts may be represented using the same term and will therefore be regarded by the system as being conceptually similar when in fact they are not.
• Similarly, the score function ranks results according to conceptual similarity and level of generality. This leads to the same problem as described above when the user associates a keyword with only one of many possible categories to which the keyword may belong.
In this paper, a solution is proposed in which personalized web search can help alleviate these problems by anticipating the user's categories of interest. The expanded concepts and ranked results can be tailored for an individual user based on his/her search and access history while requiring little effort on the user's part.
Personalized Web Search
Liu et al. [7] have developed a technique for returning personalized web search results based on search history and categories of interest. The main idea behind the approach is this: One user may associate a term, say "apple", with the category "cooking" while another may think of it as a brand. The user's profile and search history can be used to disambiguate the use of terms in such ambiguous cases.
This technique has been developed for traditional web search systems. In Section 4, we propose some modifications to this technique for applying it to Web2.0 and common sense and folksonomy based search systems. The past technique is based on calculation and storage of user preference stored in the matrix M . Matrix M represents the user profile and associates terms with categories.
Modifications to Personalized Web Search
For the purpose of using personalized web search technique discussed in Section 3.3 with common sense and folksonomy based search systems, the following alterations are proposed:
• Each single unit of content in a folksonomy based Web2.0 system is considered to be a document
• Tags of a service are considered index terms
• Since index terms have been changed to tags, all occurrences of "B appears in A" in the original technique should be read as "A is tagged with B" in the modified approach
• Since, in Web2.0, the search service is also usually the content-provider service, access history can be used alongside search history
Enhancing CS&F Based Search
Using the personalized web search approach described in Section 4, we suggest two major changes to the base CS&F technique: concept expansion enhancement and score function improvement.
Concept Expansion
The original algorithm for concept expansion is based on conceptual similarity decided only by the f and i values. We propose the use of category-term matrix M for concept expansion. This would result in personalized search results for each user based on search and access history. Two alternatives for using the search history for concept expansion are described here. Both methods require that the category the user associates with the search keyword be known. The category (Φ x ) associated with a keyword x is that for which the column (T x ) representing the keyword has the highest value.
More precisely, let
Φ o = Category of the original keyword T o = Column representing the original keyword M u = Matrix M for user u then Φ o is that row for which
where i ranges over all rows of matrix M . After the category of the original keyword is known, either of the two methods described below can be used for enhancing concept expansion.
Method I: This method removes all concepts which, according to the user profile, are not in the same category as the original search keyword. First the category of the original keyword (in context of the user profile) is decided. Then, ConceptNet is used to generate related concepts. For each expanded concept (e 1 , e 2 , . . . , e n ), the same procedure is used to calculate the category as for the original keyword. Φ e k is calculated for each expanded concept e k where k is the index of the expanded concept. Then, only those expanded concepts are kept in the list for
Method II: This method does not remove any concepts. It assigns a category similarity (Θ) to all expanded concepts. The value of Θ for each expanded concept e k is given by: Figure 1 . Working of personalized CS&F based search
Θ e k is used as a weight for calculation of conceptual similarity of the expanded concepts. The personalized conceptual similarity (C ) is given by:
The value of personalized category similary is normalized to lie between 0 and 1. This normalized value is given by γ. The use of Θ e k as a weight ensures that if a user associates a keyword with a category different than that of the original keyword, it is considered to be of less conceptual similarity. This means that search results will be tailored according to the preferences of an individual user.
Personalized Score Function
For improving the score function based on user profile and returning each user with personalized results, we again utilize the matrix M . Most of the content has more than one associated tags. These related tags can be used to find similarity of a result item to the user's intended category. For example, if a result item is tagged with "apple" and is also tagged with "pepper", it is probably in the intended category if the user associates "apple" with the category "cooking". Whereas, if the item is tagged with "software", it is probably not of interest to the user.
For each search result item x, first the base score is calculated as in Equation 1. Then, for each tag (r 1 , r 2 , . . . , r 3 ) associated with the result item, category similarity to the original keyword is computed:
The personalized score (score ) is a function of the basic score and Θ r k given as:
The use of Θ r k serves dual purpose. It gives preference to those documents which are tagged with keywords belonging to the same category as the original search keyword. It also ensures that if a document is tagged with irrelevant keywords, the score is penalized. Figure 1 shows the working of personalized common sense and folksonomy based search technique. Concept Z of the figure is not used during search because it belongs to a category different than that of the original search keyword. Search result r shown in the figure is assumed to be tagged with some keywords belonging to different categories than the original search keyword and is therefore penalized due to the use of Θ r k as a weight in final calculation of the score. 
Future Work
This technique still utilizes only two sources of information: tags and search engine's score. This technique may benefit from a more thorough study on how other sources of information such as content clustering, relevance feedback and similarity calculation techniques may be incorporated in this approach for better ranking of search results.
Conclusions
Common sense and folksonomy based search systems offer a different approach towards addressing the issue of search in social networks. In this paper, personalized web search has been used for addressing the short comings of the basic CS&F based search systems. In this new technique, search results are tailored according to the user's preferences implied by his/her search and access history. This contribution has thus succeeded in developing an approach that effectively addresses polysemy -a major problem in folksonomy based services.
